Snowboard stiffness prediction model for any composite sandwich construction  by Clifton, Patrick et al.
Procedia 
Engineering
Procedia Engineering  00 (2009) 000–000 
www.elsevier.com/locate/procedia
Available online at www.sciencedirect.com
8th Conference of the International Sports Engineering Association (ISEA) 
Snowboard stiffness prediction model for any composite sandwich 
construction 
Patrick Cliftona,*, Aleksandar Subica, Adrian Mouritza
aRMIT University, Plenty Road, Bundoora, VIC 3083, Australia 
Received 31 January 2010; revised 7 March 2010; accepted 21 March 2010 
Abstract 
A new model to calculate the key snowboard properties of bending and torsional stiffness has been developed. The code allows 
any composite sandwich structure to be evaluated for use within a snowboard, including consideration of fabric architecture on a 
micro level. A geometric unit-cell approach was utilised to predict the overall fibre volume fraction, average tow undulation and 
areal weight for ten common fabric configurations. Elastic properties of the composite layers are calculated using Hashin’s 
Cylinder Model, together with common coordinate transformations and volumetric averaging methods for the stiffness and 
compliance constants. The classical 2-D laminate theory was applied to calculate the key stiffness properties along the chord for 
the full snowboard composite sandwich, including consideration of the topsheet and base layer. A simple validation of the model 
was undertaken to confirm its applicability to modern snowboard design. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
Research has indicated that the stiffness properties and camber of a snowboard are crucial to its overall “feel” and 
response [1]. These features are also the primary cause of variation in snowboard performance over the different 
riding styles [1]. However the bending and torsional stiffness distributions are usually measured post-manufacture, 
and there can be significant variance between stiffness properties of identical snowboard models. A design tool that 
provides a pre-manufacture prediction of a snowboard’s bending and torsional stiffness profiles would allow these 
properties to be tailored to desired levels, and hence the “feel” of the board to be customised. This in turn would 
reduce the cost and time associated with the current trial and error based snowboard design process, and result in 
greater levels of customer satisfaction. It would also eliminate the need for lengthy finite element models to be 
constructed to assess snowboard stiffness properties. 
The snowboard is fundamentally a composite sandwich structure, consisting of reinforcing layers either side of a 
core, enclosed by a topsheet, base layer and sidewall. Numerous studies over the last 30 years have attempted to 
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model the mechanical properties of composite structures, both using analytical methods and finite element analyses. 
Hashin in 1979 published one of the most well accepted mathematical models for the properties of fibre composites 
with anisotropic constituents, derived using analogies between isotropic and transversely isotropic elasticity 
equations [2]. Dadkhah et al. showed that the properties of some tri-axial braided composites can be accurately 
predicted using a modified laminate model accounting for tow undulation [3]. Finally, in 2000 Byun developed an 
analytical model to predict the geometric properties and elastic constants of braided textile composites based on a 
unit cell approach [4].  
The aim of this work was to utilise the existing research to create a simple, user friendly and accurate code to 
predict the stiffness properties along the length of a snowboard. The consideration of composite layer fibre volume 
fraction, fabric architecture and mechanical properties separates this particular model from the snowboard stiffness 
model created by Brennan [5]. This paper describes the theoretical background for the formulation of the stiffness 
code. The laboratory experiments undertaken to validate the model and the limitations of the code are also 
discussed. 
2. Fabric Configurations 
Eleven different composite fabric configurations were modelled for the prediction code, based on the approach 
derived by Byun for braided tri-axial fabrics [4]. They were categorised as unidirectional, stitched, braided or 
woven, and are listed in Table 1. A selection of the configurations is also pictorially displayed in Figures 1-4. All 
configurations consist of fibre bundles (tows) in a matrix. It is noted that the bi-axial weave fabric configurations are 
identical to their braided counterparts when θ = 45°. 
Table 1: Fabric configurations 
Unidirectional Braided Woven Stitched 
Any unidirectional 
configuration 
1x1 bi-axial 
2x2 bi-axial 
1x1-A tri-axial 
1x1-E tri-axial 
2x2 tri-axial 
1x1 bi-axial 
2x2 bi-axial 
Tri-axial 
Bi-axial 
Tri-axial 
Figure 1: 1x1 bi-axial braid Figure 2: 1x1-A tri-axial braid Figure 3: Tri-axial weave Figure 4: Bi-axial stitched
The geometric characteristics for each configuration were determined using a unit-cell approach. A repeating unit 
for the fabric was determined, characterised by the fibre angle (θ), and spacing (s) between the fill, warp and axial 
tows (denoted by the superscripts F, W and A respectively), if present. The unit cell for the 1x1 bi-axial braid is 
shown in Figure 5, enclosed by the dotted lines. Each tow is defined by the number of fibres (B) in the bundle (with 
diameter D) and their packing factor (κ), with the total area (A) of the tow given by: 
ܣ ൌ ܤߨܦଶ/4ߢ  (1)
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The height (h) and width (w) of the unit cell are dependent on the fabric configuration, where for a 1x1 bi-axial 
braid the expressions are determined using basic geometry: 
݄ ൌ 2ݏி/ܵ݅݊2ߠ,  ݓ ൌ 2ݏௐ/ܵ݅݊2ߠ  (2), (3)
Equivalent expressions for the remaining fabric configurations were determined from the respective unit cells in a 
similar manner. For all of the braided and woven fabric configurations, the fill and warp tows possess significant 
undulation or crimp. This causes variation in the mechanical properties of the tows that must be considered, 
particularly the longitudinal modulus of elasticity. Conversely, the axial tows only possess low levels of crimp 
resulting from the manufacture process (except for the tri-axial weave configuration), and were thus assumed to run 
straight between the fill and warp tows. For the stitched composites, the stitching causes a slight compression in 
each tow that was also given consideration. 
The extent of variation in the mechanical properties of the composite due to tow undulation is dependent on the 
undulation or crimp angle (ø). This angle is defined as the maximum undulation of the tow within the unit cell of the 
fabric. To determine its magnitude, the cross section of each fabric was considered, shown for the 1x1 bi-axial braid 
in Figure 6. The schematic illustrates a fill tow undulating between warp tows, with the crimp angle identified. Also 
shown in the figure is the respective thicknesses of the fill and warp tows (tF and tW respectively), the fill tow 
undulation half-length and span (LuF and LsW respectively), the radius of curvature of the fill tow (rF), and the 
distance from the centreline of the fabric to the midline of the undulating fill tow (uF). It is noted that the shape of 
the cross-section of the tows is lenticular, which has been well established by previous research [4]. As a result, the 
exact thickness of the respective tows cannot be determined prior to manufacture by analytical means, and thus (if 
immeasurable) is approximated for the fill tows using the following empirical expression: 
ݐி ൌ ܶ√ܣி/ሺ√ܣி ൅ √ܣௐሻ  (4)
Where T is the total thickness of the fabric. The expression is based on an assumption that the lenticular tow 
cross section is sufficiently close to a circle, and thus its thickness is comparable to the circle’s diameter. The 
thickness of the warp tows is calculated in a corresponding manner, or if axial tows are present in the fabric an axial 
tow area term is also incorporated. 
 Figure 5: 1x1 bi-axial braid unit cell Figure 6: 1x1 bi-axial braid cross-section
Expressions for the undulation spans and centerline-to-midline distance can be determined using the unit-cell and 
cross-sectional geometry. For the 1x1 bi-axial braid configuration: 
ܮ௦ி ൌ ௪ଶ ൌ
௦ೈ
ௌ௜௡ଶఏ,  ܮ௦ௐ ൌ
௛
ଶ ൌ
௦ಷ
ௌ௜௡ଶఏ,
  ݑி ൌ ௧ೈଶ , ݑௐ ൌ
௧ಷ
ଶ (5) – (8)
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Corresponding expressions for the other configurations listed in Table 1 were determined in a similar manner. 
Equations for the remaining parameters illustrated in Figure 6 are identical for all configurations, and are given by 
the following geometric expressions [4]: 
ݎி ൌ
ቆಽೞ
ಷ
మ ቇ
మ
ା൫௨ಷ൯మ
ଶ௨ಷ ,  ߶ி ൌ ܵ݅݊ିଵሺ
௅ೞಷ
ଶ௥ಷሻ,  ܮ௨ி ൌ 2ݎி߶ி (9) - (11)
To determine the proportion of fill, warp and axial (if present) tows (c) together with the total fibre volume 
fraction (f) for each fabric configuration, the respective volumes of fibres within the unit cell (V) were calculated. 
For the 1x1 bi-axial braid configuration: 
ܸி ൌ 4ܮ௨ிܣி,  ܸௐ ൌ 4ܮ௨ௐܣௐ  (12), (13)
Thus, the proportion of fill and warp tows (cF and cW respectively), and the total fibre volume fraction for all bi-
axial configurations are: 
ܿி ൌ ௏ಷ௏ಷା௏ೈ,  ܿௐ ൌ
௏ೈ
௏ಷା௏ೈ, ݂ ൌ
఑ሺ௏ಷା௏ೈሻ
௛௪் (14) – (16)
Where it is assumed that the packing fraction is the same for all tows. Finally, the areal (dry) weight (W) in g/m2
for bi-axial fabrics can be determined using the following expression; 
ܹ ൌ ఑ሺ௏ಷఘಷା௏ೈఘೈሻ௛௪   (17)
Corresponding expressions for tri-axial fabrics to calculate the properties listed in equations (14) – (17) were 
achieved by adding an axial tow term. 
3. Snowboard Stiffness Properties 
To calculate the mechanical properties of the resulting composite layer, each fabric configuration was idealised 
as the sum of multiple unidirectional layers of varying orientation and constant fibre volume fraction (as per 
Dadkhah et al. [3]). Any tow undulation was then accounted for via a reduction of the in-plane properties of the 
composite. This simple method was selected as an alternative to a more complex 3-D analysis of mechanical 
properties. Although some accuracy was sacrificed using the described method, considering the difficulty of 
consistent composite manufacture to strict tolerances (due to skewed tows, varying fibre volume fraction, matrix 
voids etc), variances in resulting composite properties would be of greater magnitude than any accuracy loss [3].  
Hashin’s cylinder model was utilised to calculate the mechanical properties of each unidirectional composite 
layer from the properties of the transversely isotropic fibre and matrix phases (expressions listed in Hashin [2]). To 
transform the mechanical properties of the composite layer as a result of an in-plane rotation (fibre orientation 
variation), the standard transformation matrices were utilised (listed in Kollár and Springer [6]). Conversely, to 
account for out-of-plane tow undulation (if present) in the final fabric composite, the in-plane properties of the axial, 
fill and warp tows composite layers were reduced accordingly. This reduction was again based on the expressions 
for an in-plane transformation of the properties of the unidirectional composite layer (expressions listed in Jones 
[7]). The maximum undulation angle determined in equation (10) was used as the magnitude of the rotation. It is 
noted that only the longitudinal composite properties are modified, as the transverse layer properties are unaffected 
by an out-of-plane tow rotation. If tow distortion present in the final fabric composite was a result of stitching 
unidirectional layers together, a slightly different reduction system was applied, which is described in Mouritz and 
Cox [8]. A common uniform strain assumption was then applied to combine the oriented unidirectional layers for 
each fabric composite to obtain the final mechanical properties [6]. 
The final snowboard sandwich composite consists of one or more of the previously described fabric composite 
layers (of constant thickness) either side of a core, typically wood, foam or a honeycomb structure (of varying 
thickness). To calculate the bending and torsional stiffness distribution of a variable geometry part, the classic 
laminate thin beam theory was utilised. The theory calculates the strain and curvature response of the sandwich 
composite to forces and moments in three dimensions, utilising the stiffness and compliance matrices of the 
constituent layers together with the respective layer thicknesses. Bending and torsional stiffness properties along the 
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length of the snowboard are then easily determined using the resulting sandwich composite compliance matrices and 
the snowboard’s width distribution. Details of the laminate thin beam theory and expressions for the determination 
of bending and torsional stiffness properties are provided in Kollár and Springer [6]. 
4. Validation 
Three sandwich composite samples with varying geometry, fabric architecture and core material were 
constructed to evaluate the overall accuracy of the model. They were subjected to standard static bending and 
torsional deflection tests to determine their stiffness properties. The results were then compared to the output of the 
model and an error analysis was conducted. 
The structural and geometric details for each of the samples tested are contained in Table 2. All of the remaining 
inputs required for the composite model, including constituent mechanical properties and fabric architecture 
parameter values were obtained from manufacturer data sheets or published texts [6] - [13]. It is noted that for the 
tri-axial stitched fibreglass, due to the absence of accurate tow distortion volume and stitching density data, these 
parameters were assigned nominal values. 
The experimental bending and torsional stiffness validation data was obtained in the laboratory using standard 
tests described by Subic et al. [14]. Bending and torsional deflection values were obtained at 30 mm intervals along 
the longitudinal centreline of each sandwich composite sample, and both tests were repeated to determine the extent 
of data scatter. Detailed information regarding the experimental setup and laboratory results obtained for the range 
of composite structures under consideration is provided in Clifton et al. [15]. 
Regarding the outputs of the sandwich composite model for the validation inputs shown in Table 2, Table 3 
displays the crucial intermediate calculation of the fibre volume fraction for each fabric composite layer type, 
together with the average undulation angle and areal weight. The final model stiffness outputs are shown in Table 4, 
along with the experimental data and relative errors.  
Table 2: Sample data 
Sample 1 Sample 2 Sample 3 
Length (mm) 600 600 600 
Width (mm) 290 315 275 
Core Hexcel Nomex HRH-10 Pine Plywood Rohacell Rist 51 Foam 
Thickness (mm) 10 9 6 
Upper Fabric Layer Carbon fibre (AS4) Fibreglass (E-Glass) Carbon fibre (AS4) 
Fabric designation Sigmatex PC2070950 Colan WRE300 Sigmatex PC2070950 
Fabric configuration 2x2 0°/90° bi-axial weave 2x2 0°/90° bi-axial weave 2x2 0°/90° bi-axial weave 
Layer stacking 0°/45°/0° (3 layers) 45°/0°/45° (3 layers) 0°/45°/0° (3 layers) 
Layer thickness (mm) 0.25 0.23 0.25 
Lower Fabric Layer Carbon fibre (AS4) Fibreglass (E-Glass) Fibreglass (E-Glass) 
Fabric designation Sigmatex PC2070950 Colan MT1100 Colan MT1100 
Fabric configuration 2x2 0°/90° bi-axial weave 0°/45°/-45° stitched tri-axial  0°/45°/-45° stitched tri-axial 
Layer stacking 0°/45°/0° (3 layers) 0° (1 layer) 0° (1 layer) 
Layer thickness (mm) 0.25 1.0 1.0 
Matrix West System Epoxy 105/207 West System Epoxy 105/207 West System Epoxy 105/207 
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Table 3: Fabric properties 
Bi-axial carbon fibre Tri-axial fibreglass Bi-axial fibreglass 
Fibre volume fraction 0.50 0.44 0.54 
Average undulation angle (Fill/Warp) 3.8°/3.8° - 3.3°/3.8° 
Areal weight (g/m2) 224.3 1112.5 316.9 
Table 4: Validation results 
Sample 1 Sample 2 Sample 3 
Experimental Model Error Experimental Model Error Experimental Model Error 
Bending stiffness (N.m2) 561.8 541.1 3.7% 366.3 378.0 3.2% 173.5 173.8 0.2% 
Torsional stiffness (N.m2) 486.1 505.1 3.9% 293.7 301.8 2.7% 158.6 160.7 1.3% 
Considering the outputs shown in Table 3, the crucial fibre volume fraction calculation for each type of fabric 
reinforcement produced results all within reasonable bounds for manufacture (0.4-0.6). Similarly, the determined 
average tow undulation angle for each fabric was consistent with values listed in Dadkhah et al. [3] and Byun [4], 
whilst the calculated areal weights agreed well with the manufacturers’ specifications. The final bending and 
torsional stiffness outputs of the model compared favourably to the average experimental stiffness values (Table 4), 
considering all of the assumptions and simplifications utilised in the various stages of the prediction model. Overall, 
the code accurately predicts the bending and torsional stiffness of the three manufactured composite samples, and 
can thus be assumed to be universally applicable to any snowboard utilising the fabric configurations modelled. 
5. Conclusion 
The described prediction model is a useful tool for the calculation of the bending and torsional stiffness 
properties for any snowboard sandwich composite. It allows the effect of varying the mechanical properties, 
geometry and composite architecture to be easily determined without the need for a lengthy finite element process. 
The code also provides a prediction of the fibre volume fraction and average undulation angle for any fabric 
configuration, which are crucial properties for the strength and stiffness of any snowboard.  
A simple validation of the code has been undertaken with the static testing of three sandwich composite samples 
of different structure and geometry. The model was proven to accurately predict the bending and torsional stiffness 
response of the samples within reasonable error bounds. It is hence a viable alternative to more complex and time 
consuming CAD models for the analysis of snowboard sandwich composites, particularly considering the difficulty 
in manufacturing snowboards that consistently comply with strict tolerance performance targets. 
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